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E = Minimum flight time trajectory using 2011 Piloted Mission Departure Excess Speed (3.99 kin/s) and
while maintaining acceptable Mars entry velocity needed for aerobraking.
Departure: 1/20/14 (56678.0 Arrival: 6/30/14 (56839J-)
L = Latest possible trajectory to keep flight time limited to 180 days. The acceptable window of
opportunity for launch will be along the arc from E to L
Latest Departure: 1/22/14 (56679J) Arrival: 7/21/14 (56859J)
O = Minimum flight time a'ajectry using 2011 Piloted Mission Departure Excess Speed (3.99 kin/s). Mars
amval excess speed = 8.56 km/sec, which exceeds the limit of 7.167 km/sec
M = Minimum departure excess speed and initial mass trajectory for 2014 opportunity for a flight time of 180 days






























































































































HUMAN MARS DESIGN REFERENCE MISSION OVEiIVILEW ............................ 5
GENERAL TRAJECTORY CHARACTERISTICS ................................................... 7
MISSION OPPORTUNITIES ............................................................. 12
ADDITIONAL STUDIES AND APPENDIX _'l'll(_---- ................._-_-_,_--_ll
DESCRIPTION OF TRAJECTORY CHAIIACYI[_II_I2_,<<,.,_,,,. ..... ,.:..._._...,........,._,_4
EARTH DEPARTURE VARLABLF, S ........................................................................... 2_
MARS ARRIVAL VARIABLES ................................................................................... 26
MARS DEPARIIJ'RE VARIABLES ........................................................................... 2.7-
EARTH ARRIVAL VARIABLF_.S .............................................................................. 27"
CONCLUSIONS .................... ...... ... ...........................................
REFERENCES .................................................................................................... 2_
ACKNOWLEDGMENTS ......................... ..'........................,_.. ........... .........
APPENDICES ................................................................................. 2_
APPENDIX A .............................................................................................................. 29
APPENDIX B: FLIGHT TIME STUDIES ............................................................... 13M
APPENDIX C: GRAVITY LOSS STUDIES .............................................................. 14!
APPENDIX D: FREE RETURN TRAJECTORIES .................................................... }4}
APPENDIX F: ASSUMPTIONS ........................................................................ ........
APPENDIX G: OVERVIEW OF MANE ...............................................:..... I_
APPENDIX H: VERIFICATION OF MANE RESULTS ................................, : l_r
XIII-29
-,wl
